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Executive Summary 


Lem penstemon (Penstemon lemhienss) isa 
short-lived perennil that occupies early-tomid- 
‘sucessional habitats. In Beaverhead County its 
found in stings hat are dominated by mountain big 
sagebrush (Artemisia tridentata ssp. vaseyana). 
Previous monitoring indicated that the species was 
declining n major populations and that new plant 
‘recruitment was absent, so we evaluated prescribed 
burning asa management action for maintaining 
long-term species viailty. The response of 
Penstemon lemhiensi to prescribed bum tret- 
‘ments was determined at 3 sites in Beavernead 
‘County aver 5-6 consecutive years, comparing pre 
and post-burn trends, 


Key indicators of species’ viability, including 
Population growth rates and recritment-o- mort 
ity ratios, increased drastically atone site following 
4 prescribed burn here the species faced competi 
tion, Species viability showed litle net change in a 
second site and declined in the thd, where results 
‘were confounded by grazing effects and incomplete 
prescribed burn treatment, respectively. We co0- 
‘lade that ire is an appropriste tool in Artemisia 


tridentata dominated habitats where the 
species faces competition. Carefully timed and 
managed prescribed fire treatments can be 
used to restore the habitat of Penstemon 
lemhicnss in cases where competition has 
increased. After the wse offre for habitat 
restoration grazing in treated habitats needs to 
be manage to allow successful recruitment 
and reproduction of new individuals Noxious 
‘weed contr! should be incorporated into any 
habitat management plans, as needed, to 
prevent the invasion or further spread of 
Invasive plant species after fire treatments 


We have also demonstrated that popalation 
trends for Penstemon lemhiensis are well- 
buffered by the existence of seed banks. 
‘Monitoring results indicate that the seed banks 
an remain viable for atleast six years, and 
support germination and recruitment episodes 
during years of higher moisture, cooler average 
temperatures, or taking advantage of distur- 
bance events such as Fire, 


Mlustraton of Pension lemiesiby Jeanne K. Janis, om Vascular Plans ofthe Pacific Nothwest 
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Introduction and Research 
Background 


Lembi penstemon (Penstemon femblensis)is 
regional endemic plantspeciesknov rors 
-4countiesin southwest Montana and eom 
Lembi County, Maho. Iisranked G3 (glo- 
‘ally Vulnerable) and S2 (state imperiled) by 
‘the Montana Natural Heritage Progratm and 
the Maho Data Conservation Center. lis 
recognized. sensitive by both Region 1 of 
the U.S. Forest Service (USDA 1999) and by 
‘the Montana State Office ofthe Bureau of 
Land Management (USDI BLM 1996), a8 
\well as Idaho agency counterparts tas 
designated asa Category candidate (C2) for 
federal listing by the U.S. Fish and Wildlife 
Service (USDIFWS 1990) and dropped asa 
‘candidate in 1996 with thealteration ofthe 
‘candidate species designation process. 


“This research into the effets of fire on Pen 
temon lembiensis follows he original status 
‘survey work and later baseline monitoring 
\work in which species’ rends were evaluated 
(Shelly and Heidel 1995), These ealier 
studies and the rationale fr this study are 
summarized in the fllowing paragraphs. 


‘Status surveys nd subsequent fieldwork 
documented Pensfemor lembienss fom 89 
‘occurrence records in Montana and 102 
seconds in Idaho to date (191 total: Shelly 
1987, 1990, Moseley etal. 1990, Montana 
‘Natural Heritage Program 2000, Idaho Data 
Conservation Center 2000), Arecent compi- 
lation of rangewide data indicated that over 
50% of the known populations were eom- 
posed of fewer than 30 individuals, and only 3 
populations were known tohave over 300 
individual plantsat peak counts (Elzinga 
1997) 


“The ist study ofthe species" biology and 
‘habitat requirements iicated that itis poor 
‘competitor under high vegetation densities 
(Ramstetter 1983). The author concluded 


~. these data suggest that Pensieman 
lemhiensis may be out-competed in areas 
thathave very high densities of vegetation 
(sagebrush and grasses in particular). The 
‘occurrence othe associated species does 
rot seem to be as sensitive to high vegeta- 
tion densities.” (Ramstetter 1983), 


{fall populations were stable, then the long-tenn 
Viability of Perstemon lembiensis would not be 
an evaluation priority. The dabo status report 
suggested that its many small populations are 
unstable, and further postulated that Penstemon 
lemhiensisisafire-dependent seral species 
(Moseley etal, 1990): 


“We feel that many ofthe small popula- 
tions have declined, or some havealready 
gone extinct, due to unnatural vegetative 
secession resulting fom wifi suppres- 
son. Negative correlations between Lem 
penstemon density and such factorsas 
srass cover lack o fire, and tree eanopy 
<losure were note... The species is 
probubly adapted o localized declines 
resulting from lack of wildfire. and may be 
ble to persist fr long periods in small 
populations Butthe unnaturally long 
intervals it currently experiences may be 
‘outside ofits adaptive ability. For instance, 
seed dispersal distance is probably very 
short Itmay, therefore, be Very limited in 
itsability to colonize suitable habitat thatis 
newly-created or curently unoccupied.” 
(Moseley etal. 1990) 


“Thisis consistent with Kdaho status survey obser 
vations as well asthe fire history literature: 


~The mos vigorous population har we observed, 
interns ofboth individual plant growth 
x population aumbersand density 
deca inthe Long Tom Complex ie, 
‘which bume in 1986 [bur years prior to 
survey)" (Moseley 1992) 


Later, preseribed bum inthe Big Hole National 
Batlefield in Reaverbead County, Montana was 


“observed to have more Penstemon lembiensis 
decade after the burn than before eatment. The 


species disappeared fom an adjoining untreated 
area tthe same time (J. Pierce personal comm.) 


Inventories and anecdotal observations ean detect 
trends, butde not determine causality, predict 
viability, or identify management options (Palmer 
1987), Botanists in Maho and Montana initiated 
demographic monitoring studies in both states in 
onder o document tend and life history bate 
necks among populations managed by the U.S. 
Forest Service and the Bureau of Land Manage- 
‘ment. This baseline demographic monitoring, 
labor-intensive level 3 monitoring in the sense of 
‘Menges and Gordon (199) set the stage forthe 
‘curent management response sly 


“The previous baseline monitoring wasinitiated at 
study sites; on the Beaverhead National Forest 
(Shelly 1990) and 2 on the Dillon Resource Area 
ofthe Bureau of and Management (Achut? 
1992), Results indicated that even some ofthe 
largest populations east ofthe Continental Divide, 
including Badger Pass Nosh and Park Mine (a 
portion ofthe French Creek population) were in 
sharp decline, and that seed yermination and 
recruitment are critical life history stages. One 
“small” monitored population was restricted 10 
“unnatural” roadcut habitat au was similarly in 
decline (Shelly and Heidel 1995 und K. Bump 
pers. comm ). Continued declines were projected 
intheabsence of seed germination and recruitment 
at part or all ofthe 3 other sites (Shelly and Heidel 
1995), 


‘Based on the baseline monitoring results, e- 
search needs were identified to address manage- 
ment needs 
‘Seed germination / seed bank research, and 
‘Research on species’ response to prescribed 
‘burn management treatment 


Elzinga (1997) also identified weed control 
research asa third eitical conservation research 
need particularly wes of the Continental Divide 
Spotted knapweed (Centaurea maculosa) isa 
‘widespread invasive plant in Perstemon 


lombiensis habitat wes ofthe Divide in Lem 
County, daho and Ravalli County. Montana. 
isnot invading Penstemon lemhiensis 
habitat at present in Beaverhead and Silver 
Bow counties, though it hus this potential. and 
there are few cases where ithas recently 
Jnvaded in places that directly adjoin occupied, 
habitatin these counties whereitean stil be 
‘controlled without direct impacto Penste- 
‘mon lembiensis (e., Bader Pass Micro 
wave). 


Ourresearch focused on the effects offre, 10 
address the immediate decline of Penstemon 
lomhienss, The previous baseline study was 
‘converted oan experimental manipulation 
study to determine species” management 
response to prescribed burn trealment atthe 
request of the managing agencies. Seed 
‘germination esearch was conducted by Dr 
Susan Meyer, the expert in Penstemon seed 
biology, a tandem study that contributed 
jnformation to this study and is reported in 
Appendix. 


Species Background 


Penstemon lemhiensis(Lembi penstemon) is 
‘an iteroparous short-lived perennial (i.e, 
reproducing more than once inalifetime) with 
‘one 1 many basal rosetes of leaves arising 
fiom branches caudex. Al plants go through 
‘asingle-rosette stage. The semi-evergreen 
basal rosettes overwinter and thei number 
‘may remain sable, but over ime the number 
‘of roserts on each plant usually increases oF 
less often decreases. Each rosette either 
develops. stout lowering stalk 35-70 em 
tall, orremainsin vegetative condition, 


“The species reproduces stietly by see. 
Flowersare protandrous (Le. with staggered 
ddevelopmentof the male and female organsin 
‘each flower, pollinated mainly by a vespid 
wasp (Pseudomasaris vespoides)-and the 
species sanear-obligate outcrosser 


(Ramstettr 1983, Shelly 1987). Ther 
‘known dispersal adaptations of the seed ot 
‘capsule, and it was surmised that most seeds 
{all withinameter ofthe parent plant 
(Ramstetter 1983, Elzinga 1997), The mature 
‘capsule deisees in late summer, releasing 
seeds round th parent plant, No animals 
have been observed collecting or consuming 
seeds, but the seeds are relatively large, and 
longer-distance dispersal by insects, birds of 
ssnall mammals is possible, 


Seedlings become established and forma 
rosette with the development o the stout, 
woody caudes, The caudex isthe perennating 
‘organ ofthis weophite, and is essential 10 
moisture absorption and stress tolerance 
Seedlings usually develop acaudex within thei 
first year as seedlings, but occasionally survive 
for more than year as stunted plans without 
developing a caudex or rosette 


“The levels of flowering and seed germination 
sarehighly variable and influenced by limate 
fom year year. In general bth flowering 
and yermination ae highest in cool, wet 

springs and early summers, correlated with 
April-June mean masimum monthly tempera- 
‘ures and net precipitation inthe same period 
(Elzinga 1997), The levelsof mortality among 
established plants are highest in hot, dey years 
(Elzinga 1997), The key climate variables that 
indicaethe levelsof germination, flowering, 
‘and mortality include eaely summer mean 
‘monthly precipitation and the late summer 
‘gan maximum monthly temperatures 


Basic information on sed biology was wanting. 0 
concurrent study of seed germination was 
conducted by Dr. Susan Meyer to help interpret 
fire response results. The introduetion, methods 
snd resultsof the seed yermination study are 
described separately in Appendix A. Results 
indicated that seeds of Penstemon lemhiensis 
have? levels of dormancy. Thereisachil-respon- 
sive faction that gemninates after prolonged 
fiveaing conditions, suggesting that they overwinter 
and germinate in spring. large peoposion ofthe 
seeds do not respond to chil treatment but remain 
dormant ina seed bank. In etieval experiments 
withother Penstemon species that have a seed 
bank, some seeds remained dormant for at last 6 
‘years (Meyer etal 1995). The trigger(s) that, 
‘eventually beaks dormancy isnot known, The 
seed germination study helped us understand that 
the seed bank and cill-responsive fractions differ 
between populations butte seed bank fretion is 
‘consistently large. Penstemon lemhiensis seeds 
from 3 populations and settings were sumpled and 
had germination rates ranging from 19.8-33.3% 
germination after a20-week ell weatment. The 
balance ofthe seeds that were not chil-response 
represent the eed bank fraction (Appendix), 


Study Areas 


‘This study was conducted at 3 high priority sites 
fie Penstemon lemhiensis conservation 
rangewide, inluding Badger Pass North, Badger 
ass Microwave and Canyon Creek, as indicated 
by peak population counts and habitat comitions 
(identified in Flinga1997). The’ study ites 


inga 197 
(Elzinga 1997), ‘occupy fohill and montane sein " 
have similar elevations (Table 1), Fach setting is 
“Table 1 Study area characteristic 
sie Bevation] —Seting | Slope (a). Aspect 
[Badger Pass North 2860 [Raling othils—[16-s0: southeast _[Stallow-sol Rangeland 
[Statow-sol Dougas-fr 
lesoger Pass Microwave | 7220 [Facts rioge [so a6ceortheast 
idl ioe loering 
[Ganjen Greek 7200_[Neniane valley _[S0-Stzsouth_|[Deep-sol Rangeland 


locally dominated by mountain big sagebrush 
(Artemisia tridentata spp. vaseyana), a found 
in sagebrush steppe or Douglas-fir openings. 

Idaho feseue (Festuca idahoensis) is the domi- 
‘ant or co-dominant yrasatal sites. Blucbunch 
Wheatgrass (Pseuloroegneria spicata salsa 
‘co-dominant at Canyon Creek, The range of slope 
Values thatare listed below represent the prof” 
sample nitsat each site 


“The sites fll within both shallow —and deep-soil 
sitesas characterized in Elzinga (1997). The soils 
‘of deep-soi rangelands ae*...usually sandy to 

y loam, and often racky oe gravelly. Slopes are 
‘often steep creating the bare soil microsite inbab- 
itad by Pentstemon lembiensis through slope 
‘movernentand erosion.” The soils af shallow-soll 
rangelands are™...composed of large coarse 
fragments or outcrops with clay to sandy loam, 
Slopesare moderate gentle, the bare sil 
‘microsite created by shallowharsh soils rather 
‘than the steepness ofthe slope.” 


Rooting depths positively related with the canopy 
cover values of rtemesia irdenta (diseussed 
in Knight 1994) and these habitat catevories may 
indieatehigh-and low-eornpetition conditions with 
sagebrush as well as basic environmental coadi- 
tions. 


\Wecompiled information rom the nearest weather 
‘monitoring stations at Dillonand Wise Rivero 
‘represent the climates atthe study sites in each, 
{year of monitoring. The Dill (Western Montana 
‘Colleye) station is about 23 km east ofthe Badger 
Pasesites and S49-m lowerin elevation (1594 
‘m,)lthasahighintermontane valley climate, with 
‘amean annual temperature of 14.4 (57.9° F) 
and mean annual precipitation of 34.0 em (13.39 
in; 1895-2000 data; Western Regional Climate 
Center)-The Wise River station isapp. 13 km 
‘northwest of the Canyon Creek siteand 396m 
lowerin elevation (1750 m), [thas amontane 
climate, witha mean annual emperaune of 13.0° 
(C(S84°F)and mean annual precipitation of 29.8 
«em (11.74 inehes; 1951-2000 data; Western 
Regional Climate Center) Two data tables fom 
cach station are presented and graphed, showing 


‘mean muxinnum monthly temperature and 
‘mean monthly precipitation foreach year of 
the monitoring (Appendix B. Annual climate 
data foe study areas, nearest stations at Dillon 
and Wise River. in keeping with the indicator 
values ascribed to these statisties [Elzinga 
1997, pers. comm. Conversion values have 
been developed inthe Gravelly Mountains of 
southwestern Montana for characterizing the 
montane climate using valley meteorological 
station data (Mueygler 1971), 


“The data from these weather stationsis for 
general characterization rather than correla 
tions, Ichusalso been recommended that that 
nult-yearclimate dat taken atthe Dillon 
irport be substituted for that of Western 
“Montana College in any further characteriza 
tion or correlation effort atthe advice of 
Beaverhead ~ Deerlodge National Forest 
Service staff. 


AAI sites are part of federal grazing allot- 
ments. The Badger Pass sites are in primary 
range and Canyon Creek isin secondary 
range. The Badger Pass North study site lies 
within a large pasture thats not near water. 
“The Badger Pass Microwave transects ie 
Within an exclosure constructed by the Bureau 
‘of Land Management in 1980 0 advance 
Penstemon lemhiensls conservation. It 
‘curtail livestock access but not big game 
movement, 


Methods 


(Qurgoal wast determine the response of 
Penstemon lembiensis to prescribed burn 
tweatment at three sites by monitoring popula- 
tion sample-sets before and after weatment.A. 
priority was placed on documenting seedlings 
and seed recruitment because they are critical 
jn determining trend. To make projections and 
understand the nature ofthe response more 
{lly wefollowedallindividualsby stage class 
snd reproductive charactristis, 


Field Methods 


“Monitoring was conducted at two existing belt 
transects usd for baseline demographic 
monitoring at Badger Pass North and Badger 
Pass Microwave. The belt transect sampling 
methodology is deseribed by Lesica (1987) 
‘andthe transect establishments documented 
in Shelly (1990) and Achuf (1991). I was not 
practical to include more plans by expanding 
the belt boundaries. We added separate 10% 
10m quadrats at both belt transect sites to 
increase the sample size minimize edge 
affets, study slighly different lal microbabi- 
tats and evaluate the quadrat asa altemate 
study design, We added a thied site at Canyon. 
(Creek, where we putin quadrats. The 
establishment report (Heidel and Shelly 1997) 
provides complete information on study site 
location and recording conventions. 


“The permanent monitoring ranseetsand plots 
‘were subjectively place in areas of high plant 
density for elficiency and to obuin meaningful 
‘demographic data (Lesica 1987), They do not 
atativally represent the respective popula 
tons and population ends, however they do 
include over 20% ofthe tal estimates 
population numbers. Each eansect or quadrat 
represents the statistical sample et for moni= 
‘toring local tend, compuring change over 
time, We were notable to use a sampling 


design with paired treatments and contol repi- 
cates because the number and distribution of 
individuals ata 3 sites were sparse and the 
‘occupied microhabitas were small and variable 


“Monitoring was conducted after flowering when 
ffuits were mature The monitoring times ver the 
‘years ranged from July 28-August 20, All plats 
present inthe bells or quadrats were mapped in 
the series of Ix Im frames. The exceptions that 
‘we didnot precisely map seedlings in 1995 and 
1996, though they were tallied within lm ofall 
Penstemon lemhiensis plants inall other stapes. 
Individual plants were assigned unique codes that 
included the plot fume and letter that coere- 
sponded with the mapped location and cooni- 
nates within the frame, These unique codes remain 
assigned tothe plant at that location forthe 
duration ofthe stud: Ifa new plant appeared in 
the fame, then twas assigned the next available 
leet The stage of each individual was recorded 
using the following codes and allies o represent 
class, reproduction, and damage (Table 2): 
Thus, aplant with 5 rosettes, infloresences (one 
‘of which is browsed) and 12 mature fruits was 
rmupped and recorded as: R5-I2-F12-BI, Each 
plant recorded was sought in subsequent years. 
“The complete monitoring spreadsheets have been 
printed and are on filet the Montana Natural 
Heritage Prograun. We fllowed 1.167 individually 
‘mapped plants between 1995-1999, 


Tabie 2, Documentation af Penstamon lemhiansis 


stage class, reproduction and damage 

[Doamenaten [Come [oar 

age ceeding 

[Sige ‘C/A unccrimon sage cass representing prlanged piven 
[plans otless than 2.5 em dameterandless than ve 
leaves. bul na colledore. 

sia FU Roselle. including a ally of ie ruber of roseies pat 

[Reproaicton ofl umber of Fiereacerens pat pan 


[Reproduction 


Toial rumber of fut fat sei seed per pant 


T 
F 

[Reprodicton [A _[Tolalrumber ofaboried tts per part 
= 


[Damage 


ola number of browsed or grazed inforesvences, nated 
[separately rom the sum ol allinereseences. 


‘Table 3 Prevoribed burn conditions at study 3 


|Site Name Date |Extent(acres)] Temperature | Humidity @ Comments 
[Badger Pass las i1997 |More than 10 [O85 Max 6 60-69% Min 55 beireg off and all sagebrush 
os emer (eee 
hese 
|Microwave: ws peat llorecast ‘erecas| very spotty. Logs and paiches 
ene 
on Ne od ee 
ker frre fata ges boats 


Each ofthe study sites was subjected toa pre 
seribed bum tetment in September under the 
lirection of the Beavehead-Deerlodge National 
Forest (Table 3). Buming took place indifferent 
‘years as the environmental review processes, 
‘weather, and workforce allowed. Fire eatments 
were delayed at the Badger Pass sites and we 
extended monitoring through 2000 at Badger Pass 
"Noth in particular, to confrmestablishment and 
survival ofinew plans, 


Tohelp characterize the effects of fireon the rest 
ofthe sample plot vegetation, baseline vegetation 
data and ecological data were collected in each 
‘quadrat using evodata sampling methods for 
‘environmental atibutesand vegetation eanopy 
‘cover estimates as documented by he U.S. Forest 
Service - Region 1. Vegetation data were re- 
collected inthe summer following prescribed burn 
‘neatment except at Canyon Creek West, There, 
intense grazing wok ploe in the summer ater fire, 
‘complicating identification and changing cover 
values. Wedelayed recording vegetation data at 
‘Canyon Creek West until 2 years after fre. In 
addition, pre-bum and post-bum photographie 
records were taken of transect landscapes and of 
‘quadtats from the lower lefthand commer ofthe 
‘quadeatat the time of establishment in 1995, and 
retaken atthe time that vegetation data was 
wcollete afer burn treatment, 


Datu Analysis 


“Monitoring data analysis took 2 forms, Fist, we 
developed an overview of gros changesin 


‘numbers Tallies were calculated and graphed 
onthe numberof plants in each sample sec that 
were seadlings, veyetative plants, oF flowering 
plants. Thus, a plant with S rosettes 2 inflo- 
rescences (ane of which is browsed), and 12 
‘mature fruits would simply be allied sone 
lowering plat. 

The eeruitment level was calculated as the 
sum of all new, established plants, ie. those 
reaching the rosette stage. Seedlings were 
lulled and mapped! but not counted as estab 
lished plants until they survived their second 
‘year to become roseties, Recruitment allies 
also included flly established first-year plants 
that grew to rosette stage in les than a yeat. 
‘Wesimilarl tallied morality among the 
seedlingsand th established plants, Then net 
mortality and recruitment were tallied sepa- 
rately foreach sit, pooling data from pre- 
bum years, the year immediatly following fre, 
and from subsequent post-bum years, Finally 
\we calculated the rato of recruitmentto 
mortality for established plants under each the 
3 conditions (pre-bur, yearimmesately 
following bur, and successive post-burn 
years) 


econd, we developed stage-structured 
transition matrix projection models to deter- 
‘mine population growth rates (Lefkoviteh 
1965, Caswell 1989, Morris etal. 1999), 
“These models assume fixed transition prob- 
abilities overtime, and the only way to evalu 
ate monitoring data foraspecies na fluctuat- 
ingenvironment isto pool multiple yearso 


data, We used the stage classes proposed by 
Zinga (1997) to construct state to fate tables 
and tansition matrices foreach sample set and 
pair of years. The stage classesare sehemati- 
cally represented below. Note: All rosette 
lasses are connected by two-way arrows to 
all other rosette classes. Thus, plant with $ 
‘rosettes, inflorescences (one of which is 
‘browsed), and 12 mature fruits would simply 
‘etallied asone plant inthe class of plants 


with 4-6 rosettes, Penstemon lemhiensis survival 
srovth, and fecundity are size~and stage-related 
as they are for many species (see Menges 1990). 
Thisassumes that the shif in stages in any 2 years 
isindependent of earlier stages and transitions. 
“The equilibrium growah rate (lambda) isthe 
dogsinat eigenvalue ofthe tarstion mati: 
inegratingall vital life history rates (Lefkovitch 
1965, Caswell 1989). A lambda value greater than 
‘one indicates. a population inrease, whilea value 


‘Figure 1, Life history of Penstemon lembiensis 


lessthan one indicates population decrease 
“The growth rates were calculated using the 
oolab students’ version of RAMAS PVA, 
sofware 

ticity measures the relative changein the 
value of lambda in response to changes inthe 
value of tanstion matrix element. The 
‘eatve importance of different ie history 
‘transitions can be compared in comparing theit 
clastcity values. 


We used the stage-specific monitoring results 
todevelop models forthe analyses. We note 
‘thatertical pieces of ie history information 
are missing to make accurate projections in 
this study, including pre-and postbura data 
‘on fecundity, pre-and post-bum germination 
‘ues, data on seed bank longevity, viability 
‘overtime, and dormancy release mechanisms. 
For the sake of projections, we made very 
simple assumptions thatthe seed gemnination 
inevery year isconstantand comprised of 
50250 contributions from the seed bank and 


fom flowering plants. We used the single value of 
23.5% (mean Value, determined by Ramstetter 
1983) to represent the proportion of seeds that 
are chill-responsive under pre-and post-burn 
‘conditions at the 3 sites, We also assumed that 
seed viability does not change in the seed bank 


Results 
Consus Results 


Anoverviewofcensus trends beforeand afer the 
prescribe burns presented in S monitoring 
datasets (Figures 2-6), The asterisked year marks 
the yearof al fre treatment and the culmination of 
pre-bum monitoring. In comparing established 
plant umbers(nonflowering + flowering) inthe 
pair of years immediately before andafier the 
prescribed buns, all3 possible outcomes were 
‘observed: 
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1. Netincreases among established plants of 
430% and 233% at Badger Pass North 

transect and quadrat respectively 

Net decrease among established plants of 

(66% at Badger Pass Microwave transe 

(using 1997 for pre-burn data in the absence 

‘of 1998 data), and; 

3. Noappreciable change among established 
plants (8% decline) at Canyon Creek West, 


The net number of established plants atthe un- 
bummed Canyon Creek East plotalso increased 
appreciably (525%), The purpose of showing all 
of the pre-burn data including data from the 
tuseline demographic monitoring isto show 
‘overall rend, the sporadic nature of yermination 
inthe absence of any disturbance, and the low 
levels of recruitment inal pre-bur pairs of years 


Perhupsone ofthe most dramatic depictions 
of results is represented ina photograph, 

There was greater establishment in one portion 
ofa Im Im frame the year after thefireat 
Badger Pass Noth, than there was inal 50 
Imx Im framesinall previous 9 years com 
bined (Figure 7). Moreover, there was low 
smotality inthis fush of new plants compared 
toll pee-bura new plants. The study peo- 
duced the first documented ease 


Pensiemon lembiensis was observes 


survive from the seedling stage othe lowering 
stage. Asmall proportion of the plants low. 
ered within 3 seasons after fireand.a greater- 
than-average proportion of plants flowered by 
the fourth year 


Figure 7, New Penstemor lemiensis rosettes at Badger Pass 
[North nthe year following fire. Note: This photo represenisa 
portion ofa Im x I-m fume along the Badger Pass North 
Transect. The total umber of new rosettes in this single photo 
exceeds the total number of new rosettes in all previous 9 years 
‘across the entire 1m x 50m transect sample area combined. 


The immediate effets of ire were plant 
mortality levels ranging from 25-75% of the 
‘established plants in the year immediatly 
following fl fie treatment (Table), But fie 
raised recruitment levels from 4600-6400% 
above averaue annual recruitment levelsin 
Badger Pass North sample sets (Table 4.) The 
pre-burn average of2.8 new plants yea/50 
nF rose to 129 new plants in the post-bum 
‘years at Badger Pass North Transeet. The 
pre-burn average of 1.7 new plants/year/100 
nn rose to 109 new plants!year inthe post- 
bur years at Badger Pass North Quadrat. 
The net effects at Badger PassNorth are 
elevated post-bum ratosof recruitment to 
mortality, Whilerecruitment dectined at 
Badger Pass North during the second and 
thind post-bur years, these sample popula 
‘tons remained relatively stable in the total 
number ofindividuals present. and retained 

levels ofrecruitment exceeding mortality: This 
isaprimuy lin: ofevidence indicating positive 
response to fire eatment. 


The Badger Pass Microwave transect had 


positive recrutment-to-mortlity ratios in pre-burn 
‘years that dropped to ero recruitment in the year 
following bur tatment (Table). The response 
is notattbued to fire weatment because fire 
treatment covered only 17% of the sumple popu 
lutions inthe transects and the rest remained 
unburned (see discussion, 


‘We didnot get pre-burn data from Canyon Creek 
to makea comparison between pre-and post- 
bur eruitmeat and morality levels but ote tat 
there was.apost-bur ratio of recrutmnent-0- 
‘mortality close to 1 in Canyon Creek West (Table 
4), This was lower than the ratio of recruitment 
to-mortalityin the unburned Canyon Creek East 
‘Quadrat Table 4), but results wer 

founded by grazing (se diseussion). 


early con- 


Projection Results 


Transition matrix sets were compiled to calculate 
equilibrium growth rates under pre-and post-burn 
conditions forthe 5 plots atthe 3 sites, along with 
elasticitysand sensitivities (Appendix D). The 
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‘roth ratcalculations showy that ofall sample 
sets with adequate data fr projection, the Badger 
Pass Microwave transect pee-bur sample had the 
hhighest growth rate (Table 5) Itand the Badger 
Pass North post-burn sample were the only ones 
appreciably above equiibeium, While our models 
are rudimentary they serve in evaluating manage 
ment response when one considers both the 
‘growth rates (Table 5)in combination with the 
‘ribiity in time (Elzinga etal. 1998; Appendix 

D_) Weauded one hypothetieal ease ut Badger 
Pass North, evaluating the projected growth rate if 
livestock had not consumed all of the Penstemon 


lemhiensi infloresences that appeared inthe 
third year after fir. This hypothetical ease had 
the highest growth rateand reflects the impor- 
tance of fecundity to recruitment following fire. 


Other Life Histury Results 


New lif¢history information came out ofthe 
monitoring study that was used to refine the 
lifehistory model. We confirmed the aceur- 
renee of uncommon “prolonged juvenile 
plants (more thana year od) that fil to 
produce rosettes of leaves. They had not 
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formeda stoutcaudes. These were putina stage. We had hoped to determine life expeet- 
special "C" class muli-yea plans tht have yet - pa Qa 


twbecome established, and subsequently were 
merged with I-Rosete plants in the data analysis, 
Wealso confined that itis possible foe newly 
established plants to make their first-time appear- 
ance inthe plots lly established rosetes within 
‘one year of germination, as found at Badger Pass 
[North These plants did not skip the seedling stage 
asthelife history diagram would indicate but just 
‘germinated and developed from seedlings 
rosettes in less than the one-year monitoring 
interval 


Penstemon lemhienss plas are short-lived. We 
didnot determine the median age o life expeet- 
ancy because the age of individual plants could not 
‘bedetermined on inspection past the seed 


aney by following seedlings though their entre 
lifecycle. However, no seedlings survived 
‘evento the lowering stage over the years of 
baseline monitoring. Inferences can be dawn 
from review of plantsurvivorship overthe 
duration of monitoring indicates. Only 1% of 
the individuals (one plant survived trough 8 
‘years of demographic monitoring at Badger 
Pass North, while atthe other extreme, 76% 
(13 plants) survived through the 6 yearsat 
Badger Pass Microwave nearby. In this study 
‘we determined that mortality levels differed 
between monitoring sites, bur without knowing 
original population age structure, we cannot 
‘calculate absolute values. All that we concle 
{tha the species is areatively short-lived 
perennial. 


Associated Vegetation Change 


The associated vegetation changes are repre- 
sented by the paired photographie views of 
the pre-and post-hurn study areas in Appen 
dixC. The decline in woody cover afte fie is 
atin all three, The changes in herbaceous 
‘cover are not readily discerned. The changes 
‘between pre-and postfire conditions within 
the 3 quadrats are graphed in Figures 8-10, 
and show just the [4 species that had greater 
than 1% canopy cover under either p 
post-bum conditions atone or more sites 
(Table 6).At Badger Pass North, a complete 
pst-bum herbaceous canopy cover conver. 
ook place, unlike Canyon Creek West 


where the deop inthe cover of mountain big 
sagebrush (Artemisia tridentata ssp. saseyiana) 
\was the only major vegetation change berween, 
pre-and post-huen conditions. At Badger Pass 
North, the cover values of 3 grass species and 
four forts species also changed by atleast an onder 
of magnitude in comparing pre-and post-burn 
values. We note thatthe Badger Pass Microwave 
quadrathad so uneven a bum and low cover af 
Artemisia tridentata ssp. vaseyana wo begin with 
thatthe cover data has limited value in characteri2- 
jing the vegetation change in response to ire. While 
theseare imprecise methods for evaluating eanopy 
cover. they serve to document that significant 
vegetation composition changes took place at 
Badger Pass North compared to Canyon Cre 
West 


Table 6. Major canopy cover species In| 
pre- or post-burn Penstemon 
lembiensis quadrats 
No. Species 
7 Artemisia tridentata ssp. vaseyana 

2 Agropyron spicatum 

3 Carex rossil 

4 Festuca idahoensis 

5 Stipa viridula 

6 Arenaria congesta 

7 Castilega pallescens 
8 Collomea linearis 

9 Colinséa parvifora 
10 Eriogonum umbeatum 
11 Hleracium alttiorum 


12 Lupinus spp. 
13 Phacella hastata 


14 Solidago spp. 


Species List corresponds to Figure's 8-10 
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Discussion and 
Recommendations 


Fire as a Management Tool 


“The results of the monitoring study at Badger 
Pass North provide the bass for recammend- 
ing prescribed burning as a habitat restoration 
‘management too for Penstemon lemhiensis, 
atleast in deep-sol rangeland settings as 
defined by Elzinga (1997), Deep-soil range- 
land settings occur mainly east ofthe Conti 
ental Divide, i, in the eastern pat ofthe 
species’ range. From the available information 
‘and observations, these sites are prone to 
increases in Artemisia tridentata in the 
absence of ire, Penstemon lemhiersis 
recruitment rose dramatically afte fire teat- 
‘ment, consistent with the pattem of fire- 
adapted species fr which fire generally 
promotes recruitment fom seed banks 
‘through removal of accumulated Liter and 
liminaion or reduction ofplantcompetition 
(Keddy etal. 1989), 


“There are 13 high priority areas for comseevae 
tion ofthe species east of the Continental 
Divide on federal lands that were identified by 
Elzinga (1998) as top (“A”) conservation 
porty sites andor which have population 
‘numbers documented at or above 100 plants 
“The3 study sites are among the 13 high 
priority areas for species” conservation. We 
recommend reviewing each ofthe localesto 
identify i there is high cover of Artemisia 
‘rideniata in or adjoining species’ habitat, and 
ifso, to evaluate prescribed burn as ama- 
agement option, Development of along-teem 
fire management plan i recommended for 
‘them. The distinction between “shallows 
rangeland” settings fr the species and “deep- 
soil rangeland habitat” may not be important if 
‘neighboring deep-soil habitats adjoin shallow= 
soil settings and represent suitable peal 
‘habitat foe future population expansion, 


“The management recommendations are 


supported by both census and projection results 
Projection matrices and the rcruitment-o- 
‘mortality rato calculations support ibe interpreta. 
tion that prescribed fll burning at Badger Pass 
‘North tumeda sharply declining trend into an 
increasing trend. The caleulations of recruitment- 
to-mortaliy ratios dacumeat the burst of reruit- 
‘ment in the year after fie, andthe ensuing suc- 
‘esefil net inereases. The grow rateanalysis 
results should not be considered rigorous quarstita- 
tiveanalyses in the absence of site-specific pre- 
snd post-burn data on fecundity, and dats on seed 
hank longevity. seed viability overtime, and 
dormancy release mechanisms. Despite these 
limitations, however, the growth rate analyses 
have meritin assessing relative risks and benefits 
‘of management alternatives (Beissingerand 
‘Westphal 1998), and provide insights regarding 
the potential tends under burned and unbumed 
‘onions. 


Atthe3 monitoring sites, we recommend census 
revisits at intervals of between 5-10 years, This 
‘work might be linked toannual Penstemon 
Jemhiensis census monitoring studies by the U.S, 
Forest Service in the Highland Mountains, For any 
future burs, we recommend demographic census 
data in permanent plots such as belt transects ot 
the density transect presented by Elzinga (1997), 
‘monitored minimum of3 years prior to burn 
tweatment od a minimum of3 years afterward, 
‘The seedling stage class, while ineresting tonote, 
is noteritical to monitor if newly established plants 
‘re meticulously recorded, 


We propose the addition offre management 
_lause othe list of recommended setions for 
‘conservation priority populations that have high 
‘cover of Artemisia tridentata ssp, saseyana 
(20% orgreate) including a prescribed burn 
‘objectiveand a customized wildfire policy. and all 
appropriate terms for yrazing management and 
noxious weed contol. Any prescribed bums of 
\ildfies warrant at eastcensus-level monitoring in 
permanent plots also idle from prazing snd 
treated forany noxious weeds atthe same ime. 
Fora minimum of years (2001-2002), the 
grazing ofinflorescences needs tobe curtailed at 


Badger Pass North and Canyon Creek, by 
clectrc fencing ora rotation that eliminates grazing 
‘though the summer. 

We reiterate that these results address the use of 
fires an appropriate habitat restoration wool in 
Artemisia tridentata-dominated habitats where 
‘Penstemon lemhiensis faces competition due to 
past fire suppression, Other habitat management 
approaches may be more appropriate in occupied, 
Inubiats west ofthe Continental Divide. The 
response of additional populations of Penstemon 
Jemhiensis to the 2000 wildfires, and to pre- 
scribed burn treatment, is under separate consid- 
eration on the Bitteroot National Forest, The 
potential for noxious weeds io expand afer fires is 
‘very high in occupied habitats on much ofthe 
Bitteroot National Forest. and sueh expansion 
‘may adversely affect the viability of many popula- 
tions west ofthe Continental Divide. As such, fine 
response and noxious weed monitoring are eritcal 
‘needs inthis area. Conditions on the Bitterroot 
"National Forestalso warrant ongoing noxious 
\weed monitoring at all curently uninfested sites. 
Fire treatments should incorporate noxious weed, 
‘control needs inall cases where post-treatment 
\weed expansion orinvasion is possible, 


Challenges in Data Interpretation 


Data analysis was confounded by facets of study 
design, bur treatment and grazing affects: 


1, Wedid not have the minimum 2 years of data 
tocalculate pre-burn mortality at Canyon 
Creek or post-hurm mortality at Badger Pass 
“Microwave, oro make the accompanying 
population projections. 


Burn treatment, though extensive across the 
Badger Pass Microwave exelosure, did not 
‘bum most ofthe transect areas with Penste- 
‘mon lembiensis, OF he 26 Imax Lm frames 
‘along the three transect segments, 16 ofthe 
frames (60%) did not burn, The area that did 
‘burn burned with high intensity butcomtined 
‘only 17% (7 plants) of the total number of 
plants that were present in 1997. In prepara- 


tion for prescribed bums atti same site, 
the scattered Douglas-fir trees inside were 
felled cut into sections, and left lying, The 
transect segments could not be ead in 
1998 because ofthe slash and logs and it 
‘spossible that some plants were killed in 
burial. This was. difficult place to bum 
‘evenly because of woody debris. 


3. The original intent was setup controlled 
‘experimental conditions in which pre- 
seibed burning was the only disturbance 
variable, However, there wasintense 
livestock grazing tthe Canyon Creek 
sites in July of 1996 and 1999, Thisarea 
isnot ordinarily gazed, From July 5-25, 
1996, there were 100 eow/calf parsinthe 
pasture, and they were dravyn tothe burn 
‘areaofless than | acre. Asa result, 
Penstemon lemhiensis plants were 
inmensely grazed onthe burned plot (all 
infloresences and much ofthe basal 
rosettes) and surface erosion escalated. It 
isahighly palatable plant. Notonly were 
the al flowering stalks graze, butalso 
‘most leaves on most rosettes were wrazed 
some quite severely with only the petiole 
left We noted that the nearby unburned 
Canyon Creek East plot was also grazed, 
buthe grazing was ight and grazing of 
Penstemon lembiensis as inky isited 
othe infloresences. 


“There wasalso grazing of Penstemon 
lombiensis plas by livestock at the Badger 
ass Nowth site after bum treatment in 1998 
snd each ofthe following years, though the 
bur treatment area wasa magnitude larger 
than the Canyon Creck burn, andthe gentle 
slopes did not show surfiee erosion. The 
grazing on Penstemon lemiensis a Badger 
ass North was more dispersed and much 
lighter (ll infloresences an occasional leaf 
rosettes) than at Canyon Creek. There were 
almost no dead plant remouats to indicate that 
there was morality eaused by grazing. There 
‘vas no grazing by livestock tthe Badger 
Pass Microwave site because it ies within an 


‘exclosure, Intense raving inthe wake of 
prescribed burning comprises the fre response 
results ifmot survival and esablishement of 
Pentstemon leshiensis, 

“The ull rane possible explanations foe fre 
responses al Badger Pass Microwave and 
‘Canyon Creck include the following: 


1, Theneutral bum response at Canyon 
‘Creek West was tempered by heavy 


“The negative bum response at Badger 
Pass Microwave cannot be determined 
fom a fragmentary burn that reached only 
17% ofthe plants in the transects, and the 
results representa response to conditions 
‘ther than fire, possibly prolonged 
dtrought. 

43, ‘The bum responses at Canyon Creek 
West and Badger Pass Microwave reflect 
‘genetic differences. 

4, The bum responses at Canyon Creek 
West and Badger Pass Microwave reflect 

differences in the burn eatmentsor inthe 

ensaingenvironmental endtions hat 

‘tempered the outcome, ey, belowground 

‘conditions rinteractions, 

Combinations of the above. 


“The only study ste with adequate data for 
‘making robust pre-and post-burn compar 
sonsof recruitment and for making projections 
is at Badger Pass North, The Badger Pass 
“Microwave data are difficult to interpret 
‘because ofthe uneven and incomplete burn 
across the sample sites, and Canyon Creek 
West results da no inelude more than one 
_year of pre-burn daa, which are needed to 
‘etemnine mortality and recruitment under pre- 
um conditions. 


“TWoof the driest summers on record at Dillon 
(Appendix B: 1996 and 1999) also eorre- 
spond with elatively high mortality at Badger 
Pass Microwave a striking contrast tothe 
survival and fish of new recruits at Badger 
Pass North in 1999. In addition, the growing 
conditions of 1999 and 2000 were not candu- 


‘iveto germination and reeruitment of Pensiemon 
lembiensis. Thus, the post-burn response at 
Badger Pass North isall the more significant in 
‘conditions that Were adverse to germination and 
reeruitent 


Fire History 


Fireregimes have been greatly altered throughout 
the species’ range. The fre frequenciesin one of 
this species’ primary habitats of southwestern 
Montana, inthe Pyeudotsuga menciesl forest 
‘prassland ecotone, was at 35-40 year intervals 
and presumed to he shorter in grasslands and 
steppe in this egion (Arno ad Grell 1983). 
Early journalists in the area noted that fie en- 
hhanced grasses and inhibited growth of woody 
plants (Cruel 1985). Inthe years since setlement, 
rountain big sagebrush cover inereased dearati- 
cally over 110-year interval about 10 miles 
southwest of Dillon (Plate $0, Gruell 1983), These 
bodies of information and repeated patterns have 
ben interpreted to indieate thatthe high valley 
sand footillsof southwestern Montana were 
‘converted from a grassland landscape toa sheub- 
steppe landscape with the advent of fie suppres- 
sion, Previously. mountain big sagebrush domi= 
nance was restricted to sites with sol texture 
extremes (eu. sands, raves, clays), whereas 
‘mouniainbig sagebrush primarily Artemisia 
tridentata ssp. vaseyana) has become prevalent 
‘acrnss bmader areas ofthe landscape in the 
sbsence offre Amo and Grell 1983). 


“Trial studies to contol mountain big sagebrush for 
increased range production were conducted 
nearby, (3 km northeastof Bannack), and docu 
‘mented thar the mountain big sagebrush canopy 
and mountain big sagebrush competition are most 
effectively duced over the long-term by buming 
‘as compared to plowing, spraying, and otocut 
treatment. Mountain big sagebrush cover that was 
‘originally at 15% eanopy cover deoppd to 
‘with il fr treatment and retumed i only 1.8% 
vera 16-year petiod (1965-1981 aer fire 
(Wamboldtand Payne 1986), Burn treatment also 
resulted inthe highest biomass production forthe 


dorsinant prass species, bluebunch wheatyrass 
(Pseudoroegneria spicata), compared to the 
other treatments, Though the Bannack study site is 
‘only about 600 fet lower in elevation than Badger 
Pass North, the mountain big sagebrush taxon was 
identified as Ariemisia tridentata ssp. 
\wvomingensis, a taxon ofthe Great Basin that is 
unlike Artemisia tridentara ssp. vaseyana, the 
‘montane subspecies identified at the 3 monitoring 
sites. We do not have information to compare the 
Fire responses of the 2 subspecies and the applica: 
bility of these daa from the Bannack setting to 
‘those inthis study. But this earlierstudy provides a 
preliminary indication tat preseribed burning may 
offer reatively long-term managernent ool that 
‘could be used to enhance habitat conditions for 
Penstemon lembiensis in his area. 


Seed 


nation 


Inthe course ofthis study, we revisited the original 
‘hypothesis that recruitment was too lo to main 
‘ain vible populations without prescribed bur 
intervention, The French Creek transects ina 
shallow-soil rangeland setting, were revisited 
during the “good germination year" of 1997, The 
‘numbers of established plants had inereased over 
50% between 1993-1997, This represented the 
firsctime that significant recruitment had everboen 
‘quantitatively documented for Penstemon 
Jembiensis, nd it occurred without management 
intervention (Appendis E. Pensiemon lemhiensis 
‘monitoring at French Creek), These major reer 
‘ment episodes have not occurred in deep-soil 
‘rangeland habitat where the species faces compe- 
tition aver the duration of monitoring in the ab- 
sence of fire 


1 1998 atthe unburned Canyon Creck East 
‘quadeat, there was also a germination episode that 
ledio significant recruitment The unprecedented 
‘burstof recruitment in this case may have been 
deivenby the same climate eyelesas at French 
‘Creek, Altematively the montane setting at 
‘Canyon Creeks different enough that the condi- 
tions for seeing survival are les stringent (cooler 
and moister on average). Genet differences may 


also purtially account for different reruitment 
patterns, There is one more possible explana 
tion, The neathy burn treatment drew Hive- 
stock into this nburmed area for an episode of 
grazing that increased the exposure of hare 
soil, andthis may have offered a surrogate 
disturhance that favored germination and 
receuitmentof Penslemon lemiensis inthe 
absence of fire 


Generalizations about recruitment need to be 
tempered by site conditions and climate 
‘eyeles, The Badger Pass Microwave site 
‘umbers were exceptionally sable throughout 
pre-burn monitoring. Itappeats that reer 
‘mentat the more mesic sites such as Badger 
ass Microwave i sustained even during a 
dry eyele, thatthe more xeric sites ike French 
Creek and Canyon Creek da well during wet 
seasons, and the high-competiton sites do 
poorly, regandles of climate, inthe absence of 
disturbance. Wedo nothayesuffieient dats 
onsite characteristics and on-site climate 
‘conditions to deaw correlations, sothese 
‘observations sity represent refinements it 
‘our original hypothesis, and would require 
further sy for vertiation, 


“These results, in combination withthe seed 
chilling experiment of Meyer(Appenilix A), 
rice the immediate research needs for geri- 
nation studies as identified in Elainga (1997), I 
is possible thatthe differen seed germination 
responses reflect genetic (ecotypic) difler- 
‘ences in seed dormancy: Inany ease, the 
differences in response to fre treatment 
betweensitessuguest that life history waits 
‘may be locally adapted, and possibly repre 
sent genet variation between populations. 


“The seed germination experiment results were 
innerpreted to indieate that seeds normally 
germinate beneath the snow allowed by 
spring emergence. Typically. the"new” pants 
‘making thee fst appearance in monitoring 
plots were seedlings produced tha spring. Le 
they sil retained vestiges ofthe cotyledon 
‘when monitoring took place in late summer. 


‘AtBadger Pass Nort, this changed ater 
prescribed burning took place, in which the 
‘majority ofthe “new” plants were well- 
cesublished rosettes that ad gone fom 
seedling to rosette stage in less than one year’s 
time, The new plants making ter festtime 
appearance as rosettes may have had longer 
to grow ifthey broke dormancy inthe fall, tif 
fire accelerated spring thaw and lengthened 
the growing season, Redueed competition or 
the postfire Hush of utrentsmay havealso 
increased the ate of growth and development. 


Atleastas important, we documented that 
population fluctuations re prealy buffered by 
the sed bank. Despite an almost complete 
absence o flowering plants.at Badger Pass 
"Noeth from 1992-1997, there were 10 
flushes of germination in the wet years of 1993, 
‘and 1997, and an even larger flush of germina 
tion in 1998 following the presribed fine 
‘neatment, Only asubstastal sed hank that 
‘can remain viable fr atleast 6 years could 
‘have supported these germination episodes. 
In general, seed banks have adaptive value 
unstable environments nd the “benefits” that 
‘come ftom having seed banks are influenced 
by seedling establishment success, adult 
fecundity and longevity (Fenner 1985, Rees 
1994), Modeling results indicated that when 
‘out seedling establishment success and adult 
fecundity are variable, the lketihood of suc- 
cessful reproduction from new reruitsis 
reduced (Rees 1994). This was evident inthe 
pre-hurn years at Badger Pass North, The 
effect ameliorated when plants are Tong- 
lived, 1. morality islow.as demonstrated in 
the pre-hur data from the Badger Pass 
Microwavesite, 


Herhivory and Rangeland Management 


Herbivoryis natural fora palatable forb, Prior 
toburn treatment, the highest levels of brows- 
ing were documented in the Badger Pass 
Microwave exelosure, a structure that pre- 
vented entry by livestock but did not resect 


rule deer and elk. During some years there was 
‘io browsing in the exclosure, while i other years 
ofinloresences (Shelly and 
Heidel 1995: reported in Elzinga 1997), repre= 
senting chance entry by big game. In post-burn 
‘years, 100% of flowering stalks were removed at 
both Badger Pass North and Canyon Creek 
‘West, and cattle use was evident. We did not 
quantitatively compare the intensity of grazing at 
Badger Pass North vs. Canyon Creek West, but 
the comparative steepness ofthe Canyon Creek 
‘Westsite and the small area ofthe bum, exacer- 
hated te effects of grazing, a seen inthe direct 
rmoralityat thissite. Grazing can eliminate the 
benefits of prescribed buming and compromise the 
survival and establishment of Penvenon 
lembiensis 


Projection matrices make it possible to assess the 
influence thatthe vital rues of particular classes 
hhave onthe population asa whole (Mortis etal, 
1996), This in turn adds predictveability when 
there isachange in vital rates, or management 
ltematives are to be tested fr their potential 
ceffeetson vital rates. The significance of fecundity 
inscomparing the projection analyses between sites 
is reflected when we re-ran the Badger Pass 
North post-hurn data using hypothetical ste data. 
‘Were-calculated reproductive values based on 
the numberof inflorescences that were produced, 
‘ignoring the fact thatall inflorescences were yrazed 
by livestock, The growth rate under this hypothet 
‘al ungrazed condition almost doubled. Thus. the 
effects oflivestock grazing stietly onthe 
infloresences without side fleets of tampling and 
‘erosion can impede the positive effets of fie 


Any recommendations for habitat restoration or 
‘management that involve preseribed bums or 
wildfires needs to include yrazing management 
provisions ifthe reared habitat is partof a grazing 
allotment oris otherwise regularly used by stock. 
“Treated habitats are best ied for at least ww0 
years following fre ifthe habitat has abigh erosion 
inwzard, oriftbe burn issmall and wring is likely 
tobe highly concentrated, In at least the third and 
fourth year, grazing rotation to avoid summer 
months when the inflorescence i palatable isalso 
essential 
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‘Appendix A 
Penstemon femibienss germination 
experiment 


De Susan E. Meyer, Research 
USDA Forest 

‘ory 
TSN. 500 East 
Provo, UT 84651 


801-377-5717 


Introduction 


Regulation of seed germination is critcal to 
short-lived perennial plas that inhabit highly 
‘rile climates, Seed germination response 
‘of Lemhi penstemon (Pensiemon 
Jemhiensis), «short-lived perennial ofthe 
Section Habroanthus, was determined foe 
seed samples collected at three sites under 
‘arable length chilling, with or without warm 
‘neatment interruption, Seeds were ested to 
determine the proportion of seeds that are 
chill-responsiveand non-responsive, and the 
ceffeetsof wart teatment interruption on the 
hil reatment response 


Methods 


Seeds were collected from three Montana 
populations of Penstemor lembiensisin late 
‘August-early September, 1995. Thesitesare 
presented in Table 1. They represent one 
Montanasite west ofthe Continental Divide at 
Robbins Gulch, and two Montana sites east of 
the Continental Divide, The Badger Pass 
(Microwave) collection site isata similar 
elevation as Canyon Creek, buts ina foothills 
setting rater than a montane setting. andan 
area of snow accumulation thats nt directly 


‘exposed to the sun, in contrast io the steep, south 
facing Canyon Creek site 

First, seeds were moist-chilled at Cin the dark 
snd then incubated forfour weeks at 10/20 
(12h:12h) with eool-white fluorescent ight during 
the high temperature pat ofthe cycle. They were 
removed from treatmentat four-week intervals 
from 0-24 weeks and the percentages of germina- 
tion were determined for each interval. The 
percentage of seeds uerminating under each 
treatment represents the chill- responsive fraction, 
and the remainder did not respond to treatment. 


second, seeds wer treated toa chilling period 
totaling 20 weeks, preceded or interrupted by 
\varmn treatment (incubation at 1020C) for4 
weeks. These treatments were generated by 
retuming pete dishes ftom chilling treatments 0-16 
weeks (above) to chilling after their4-week 
incubstion at 10/20C, fora period sufficient to 
sive them atta of wenty weeks of chillin, 


Results and Discussion 


Penstemon lembienss seeds from three sample 
sels requited atleast 16 weeks of chilling for any 
seeds to become germinable. Chilling beyond 16 
weeks caused to further increase in germinable 
seed percentages forthe Robbins Gulch and 
Canyon Creek collections, while the Badger Pass 
collection showed an inerease with upto 20, 
‘weeks of chilling (Table) These results indicate 
thatthe species usually erminates inthe spring 
afer overwintering. a response to chilling that 
protubly rates to growing season conditions at 
the collection sites, as isthe ease for most other 
‘montane pensterons. 


For most samples afer chilling only 20-25% of 
the seeds were chill-responsive: the remaining 7; 

id not lose dormancy in chilling eyandless 
of chilling duration. They havean additonal 


“Table, Penstemon lerihionais seed coletion aes 

SE TacencyEtEV-(m Location [EO No. 
[Retore Gach (Eteroottir | 1505 —[T2SR2OW Sen TO | 056 
[Badger Pass Mironae [BLM Zoi _[T7SRTIW See. 22 | 005 
[Ganyon Grek Beneread NF) 2195 [25 A TOW Sec.8 | 038 


[Fable 2, Final pastincubation germination percentages of Penstemon lemflensis folowing 
lchtling periods of 0 to 24 weeks, expressed as percentage of viable seeds’ 


Chil 
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[Badger Pass Wcrowawe| oc [oc | 1.08 2iaa [358 
[Earyon Greek | ob aaa | ete 


dormaney carryover mechanism and they repre 
sent the seed bank. Results are consistent with the 
environmental conditions atthe dee sites and the 
‘germination timing pattems previously documented 
‘among Intermountain Penstemin which the 
chillzesponsive faction germinates following 
periods likely tobe encountered, and the other 
faction resists chilling reatment (Meyer eta 
1995), 


Prewarming and chllintemupion ests with this 
species indicate thatthe effects of chilling are 
‘generally not“remembered” aerossthe warm 
‘neatment interruption. even though the seeds 
remain imbibed. These results simulate the effect 
‘of warm episodes preceding or interupting the 
fieezing conditions of winter. Robbins Gulch seeds 
showed increased germination percentage with 
‘an intial warm treatment in comparison to with the 
2p-syeek contro, while the Ba 

showed no significant effect, andthe Canyon 
Creek collection showed a significant decrease 
(Table3). 

The wide range of habitats for Penstemon 
Jembiensisisrelected ina range of germination 


patlems. This isan indication of genetic ditferentia- 


tion (ecotypic adaptation) We do not have 
information on the mechanism for breaking dor- 
maney in the sed bank, but the environmental 
‘cues are received only by imbibed sees, Mois 
ture may beaming factoe for any seed germina- 


iger Pass collection 


tion and account forthe cyclic spikes in seed 
germination with coo, wet growing seasons. 


Literature Cited 


Meyer 


§.E.,8. Kitchen and S.L 
Carlson. 1995. $ 

timing paterns i Intermountain 
Penstemon (Serophulariaceae). Am. 
J.Bot. 82(3)37-389, 


od yermination 


Citation for this study 


Meyer, §,E. 1996. Appendix A. Penstemon 
lemhiensiv tiling 
experiment Unpublished report 
Heidel, B. and 1S. Shelly 2001. The 
effets of ireon Lemhi penstemon 
(Penstemon lemhiensis) final 
‘monitoring report, 1995-2001. USDA 
Forest Service Shrub Sciences 
Laboratory: Provo, UT 


| Within each set from the same site, means 
followed by the same letter are not significantly 
diferent a the P<.05 level uceoring to an 
SD test 


[Table 3. Final post incubation germination percentages of Penatemon lemblensle 
lctiowing a chiling period totalling 20 weeks, preceded or interrupted by 4-weok 
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Appendix C 
Pre-andpos-bur plot photographs 


Badger Pass Nod Transet, pre-buen 28 July 1989) Badger Pass North Trace, pos-bum (2 August 
20) 


‘Badger Pass Mireowave Exclosure, pre-burn (18 August 195) 


Badger ass Mircowave Esclosre,post-bun (20 
‘August 1999) 


‘Caayon Creek West Qua, pre-bua (17 
‘Aust 1998) 


‘Canyon Creck West Qua, pos-bum and pos 


sping 3 uly 1997) 


‘Canyon Creck West Quid, a 
duly 1998) 


poser (29 


‘Appendix D 


‘Stage matrices, lasts, and senstivities 


WARNING: This analysis ignores the following fetes) of this model, and 
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7. 0000 0.0000 4.000 00000 1.0157 0.0052 0.002 


Sensitive: (approximate) 
‘he ier iar ae ee 
1: 02436 01067 00086 99014 0.0007 1:90 0.8001 
2 21605 00511 OGH2S HDIOT dats? 1.0011 os00s 
3: M4s2u0 02113 0.2837 06713 04579 1.0076 0.0030 
4 347023 ORDIL O64 0171S OMI HOIR? 09075 
S: 516103 12214 LOISL 02851 04357 0271 0109 
f 982182 13240 19315 OARSS 02542 aSI6 04207 
7 WOKO901 25575 21257 03343 02H 00568 00227 


‘Canyon Creek West Past-bura (1996-1999) 
‘Stage marrs (taut 

Ye dy 8h 
0.6830 00000 05990 1706 55.770 18430 
0.001 0.0000 00000 o120 0.1330 0.630 
(0.0012 02170 03070 1600 0.1620 0130 
8.0000 012390 0.1100 43730 0.2000 don 
8.000 04220 0610 1.1340 0.1330 02000 
(2.000 1.0000 1.900 L880 0.1080 01000 


‘Gro ate Ca 


7941 (opposite) 


Sige Init dite Stabledist. Reprod. Value Avy, residence 


"pov 0998 1000 as 
2 0000 2006-01 100225. 
3 0000 ooo; e126 Lat 
4 0000 goo) 234374 139 
5 0000 200 asus LS 
6 0000 300E-08 30836 LT 


basics: (apprimate) 
Ye a eo 
0.4519 00000 Oo014 Moras 04260 0436 
0.06 1.0000 0.000 1.0010 0.0015 O01 
0.0569 0.21 HOSES C0123 0.0064 Oded 
0000 007s HOSES HLO7S6 0418 dao 
0.0000 00007 00332 MaRKS 0.0149 04056 
2.000 1.0000 000 0250 O.0184 04079 


Senses: (arin) 
hee aan ee 

1: 05254 0.0001 @.0018 0007 0.0004 00002 
2: 526420 0.0106 0.1801 00689 0.0371 0.0159 

442787 0.0089 0.1514 00579 00312 00134 
45122517 00248 04212 01640 00867 0372 
5: 1263720 04254 0422 0.1683 00890 00341 
6: 207ISE 0.0117 O70K1 02708 0.1458 00825 


‘Canyon Creek East Pre-thurn (1995-1999) 
‘Stage mars (etal 

fe a de ie 
1: 6430 0000 52370 95.125 350.0 
2 112 0000 06240 1.0660 32260 
3, 00030 05560 0.530 0.4000 03970 
5.00 L000 0800 02500 0.430, 
‘5.000 (0000 0.0100 0.1300 0.00% 


‘Growth ate dat 


0917 (ppt) 


Suge Init. dist tabled. Reprod. Value Avy, residence 


P0000 0967 1.000 3S 
2 000000133916 1.00, 
3 0000 01k e961 
40400 0002 ate tet 18 
S000 Ao0E-D4 HORE. 


Cae ae tae 
1: ©2239 qo000 00311 o@sts 00174 
2 O78 (LoO00 00034 00187 0010S 
3 00M 0.1168 0.242 00111 0003 
4 00000 Logon 0.1168 O4385 0.0018 
‘5: @.000 0000 266 00388 0.008 


023578 10019 0.0965 ©0006 0.9001 
2, KSSHD 0.1168 0.1848 0.0150 0.0035 
¥ vonDas 0.2203 03081 04205 Oded 
4, MRONTS 1202 15938 G1StE O06 
‘51607372 2.1937 2.0089 02425 0.066 


Appendix E 


Penstemon lemhiensis monitoring at French Creek 


Penstemon lemhiensis monitoring - 
French Creek Park Mine 
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APPENDIX F 


Global and State Rank Guidelines 


“The team "speces of special concen” nclcks axa that ae re endemic disjunct, heated or 
cxlangered! hroghout thei range on Monten, vulnerable oextmpation fom Montana, or in need of 
Surber eseuch The temalko encompasses species that have aspecial designation by organizations or 
land management agentes n Monten, inclusog: Bure of Land Management Special Stats and 
‘Watch species: U.S. Font Service Senstve ac Watch species: U.S. Fish and Wildlife Service 
“Threatened, Endangered and Candidate speci. 


“Tous ae evalustel and ranked bythe Heit: Programon te basis oftheir global range wide) stat, 
and theirstatewide stats acconting io astra procedure we by all Natural Heritage Progra, 
“These ranks are tt determine rotction ant data collation pits, and are evs as ew 
{information becomes avaiable 


Foreach level of dstribution—global andstate—spocies ae msgs! numeri rnk ranging fom 1 
(csiically imperiled) to 5 (demonstrably secure). This reflects the species relative endangerment and is 
‘bse primarily on the numberof occurences ofthat species globally or within th stat, However other 
{formation sacs as date of collection, degree of habitat hea, geographic dstibuion patter a 
‘opulition size and trench is considered when assigning rank. and the numberof ccurrenes iste 
below aresugastions, ot absolute enter 


For example, Clustered lady's slipper (Cypripedium fasiclatum) i unked G4 S2. Thats, globally the 
syeces is apparel secure while in Montana its imperiled because of rai or because of other Fictons 
‘making it demonstrably vulnerable to extispaton. 


For ranks substitute S (State) oF G (Global) in these definitions 


Tank [ Definition 


1 __| Catal tmpenied —Crically imperial boca of euros raniy oF eouine Fao 
factors) making it especially vulnerable to extirpation. Typically Sor fewer occurences or very 
‘ew remaining inva 1,000), 


F___ | lnpenad Tien became of ray or Bocuse of ome Tats) MRE very VATS 
to extipation. Typically 6 20 occurences or few remaining individuals (1,000 3.200), 


3 __| Valnerble—Vuihrable cher because rae and uncommon, or founda Ta a esi 
(even if sburant at some locations). or because of othe factors mung it vulnerable to 
extirpation. Typically 21 100 oecurences or between 3000 ane 10.000 inividuas 


| Rnnareniy Snecma but mot ra, ae ally wickypead Posble caine oF Tange 
termeoncem. Usually moe than 100 occurences and me than 10.000 individuals, 


S| Seeure—Common, wacspread and abundant Entallyneraccable uncer present conan 
‘Typically with conscerably more than 100 occumences and mone an LK) nical. 


** Qualifiers and Rank Ranges** 


‘Qualier 


Detiniton 


co 


"ange Ranik—A namee range ank @g, S253) swe nee the ange oF 
‘certainty about the exact stats of the element. Ranges cant skip mp than One rank 
| (eg. SU sued rater han S154}. 


‘Varanked—rank not yet assessed 


‘A mpeifier i X or: the species has ben eintoduced bat he populations not yet, 
stabs 


(Gor rank has heen assigned acd under review: Contact the individual tte Netra 
Heritage progam for asigned rank. 


“Hybrid Element not rank hecause it represents an interspecific hybrid nt a species. 


‘Varankable—Curenly unrankable dust lacko information or due to substantially 
coafitng information aout status or tend 


-Exotle— An established exotic, may be native inary regions (eg. howe inch orcatalpa 
neater 1S). 

-Exolle Numerke—An stablshed exotic tht hasbeen assign a numeric rank ho indicate 
its sts, as defined forGI or I though G5 or SS 

‘Accidental cider! or esta, nother wos infsquent a outside wal rang 
Includes species (usually bir or buterfis) recone once or only’ afew times a2 
location. few of these species may have bron th ane a two oeeasons they Were 
‘cored, Examples include European strays. or westem bir on the East Coast and vice- 


‘Brveding—Bise rank refers the brsding population ofthe clement 


ale 


(Captive of Cultivated Native clement presently extant only in capiviy or culvaion 


‘Pussbly Extirpated(Fistocl)—Flement occured historia andl ther some 
expectation that it may be rediscovered Is presence my not have een verified inthe past 
‘2 yeas. An clement woud become GH or SH witha such a 2-year delay if the only 
Jamwnoccurences were dstmyedor itt had been extensively and ursucesstuly oka 
for. Upon verification of an extant occurence, Gt or SH-anked elements would typically 
"Becive AGI or I rank, The GH or SH rank should he reserve fr element for which 
Some effort has been mae relocate occurences her han simply ig this rank for all 
ements not known fom verified extant cccureness 


‘Nonbreeding Basic rank refers to the omnes population of he clement 


| Potential—Potential that clement occurs but no extant or historic occurences are accepted 


az 


‘Reported Element reports! but witha a hiss for ether acepting or rejecting the report, 
lorthe report not yet reviewed locally. Some of these ae very recent escoveres fr which 
the program hast yet receive fis-hand information: others are old obscure reports. 


‘Rank for subspeciictxon subspecies, variety, or population); append to the global rank 
for the fll species. eg. GATS, 


‘Presumed Extirpated Element felis be exiepaled Nov lneatad dss ernie 
searches of historical sites acter appropiat habitat. and virtually no lkelthod that 
willbe rdscovered, 


CRITERIA USED FOR RANKING 


‘The criteria for ranking are based on a set of quantitative and qualitative factors. These factors are listed 
below in onder oftheir general importance: 


a. Number of Element Occurrences (EO) 
the estimated number of EOs throughout the Elements global range: 


b. Abundance: 
‘the estimated global abundance ofthe Element (measured by numberof individuals, or area, or 
stream length covered) 


ce. Sizeof Range: 
the estimated size ofthe Element’ plbal range: 


Distribution tren: 
‘the trend in the Elemen's distribution overs global range: 


‘&. Number of protected EOs: 
the estimated number of adequately protected EOs throughout the Flemeat's global range: 


Degree of threat: 
‘the degre to which the Element is threatened globally: 


fe Praliy= 
‘the fragility or susceptibility of the Element to intrusion: 


|k. Other global considerations 
for example, the quality or condition of EOs that affect or may affect endangerment sats 
‘unexplained poptlation fluctuations; reproductive strategies tha are dependent on specific habitat; 


